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Search for top squark pair production in the dielectron channel
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This report describes the first search for top squark pair production in the channel

Tﬁlabg}f};aeeﬂetﬁa using 74.9-8.9 pb ! of data collected using the D@etector. A 95%
confidence level upper limit onr- B is presented. The limit is above the theoretical expectatiorrfd for
this process, but does show the sensitivity of the currehtdata set to a particular topology for new physics.
[S0556-282(198)00901-1

PACS numbd(s): 14.80.Ly, 13.85.Rm

Supersymmetry(SUSY) is a fundamental space-time the top squarks. Because of large top family Yukawa inter-

symmetry relating bosons and fermidrig. Supersymmetric  actions, the lighter top squark mass eigenstatg €an have
extensions to the standard mod8M) feature undiscovered a much lower mass than the other squdi¥s Top squarks

superpartners for every SM particle—for example, there is il be pair produced at the Fermilab Tevatron; each will
scalar quarKsquark for each of the two degrees of freedom '

for the spin-1/2 quarks. In most SUSY models, the masses ¢fen decay into the lightest chargino, and ab quark if
the squarks are approximately degenerate except for those fat decay is kinematically allowed. thy- is greater than
the mass of the top squark, the decays—blv or
*Visitor from Universidad San Francisco de Quito, Quito, Ecua- t1—blv can occur. If the~slept(2rlos are also heaVIe_'r thar_] the
dor. top squark, the loop decaty;—cy; should be dominant if

'Visitor from IHEP, Beijing, China. m;lrilOO GeVE? [3].



57 BRIEF REPORTS 501

We assume here that tﬁ decays td VI}'? or q?}?‘f. TABLE |. Background contributions from individual channels.
Under R-parity conservation, the lightest neutralino will be

- L L Background channel Number of events
stable and escape detection, resulting in missing transverse
energyr. Thus, top squarks, pair produced at the Tevatrongt (170 —ee 0.03+0.01
result in final states similar to those of top quarks. Howeveryw_ee 0.02+0.01
as the decay of the chargino is to three particles, the decay_.ee 0.09+0.01
products tend to be softer than those of Weboson. Since 7_, - .ee 0.67+-0.13
the y; decay is almost always dominated by virt¥sllex-  Misidentification 3.6:0.8

change, the branching fractions are expected to be be very
close toW boson leptonic and hadronic decay branching

. Total
fractions[2].

The results of a search fdr,—cx? have been published
by the DO Collaboration[4]. Nearly model independent 47 and 68 Gew?, depending om;_. The mass of the light-

Iower_llmlts on the masses of the top squark _and IIghteSEst neutralino was set to the supergravity-motivated value
chargino have been set using the measured width oZthe Lys

boson and are approximately 45 Ge¥/[5] (these can be * X1’ _

evaded by tuning the top squark mixing angithin the The signature fort 1t ;—bby; x; is two electrons, one
framework of the minimal supersymmetric standard modebr more jets, and . Kinematic distributions fornjrl,m;:)
(MSSM) [6], .the current limits on the pair production of _ (65,47 GeVic? are shown in Fig. 1. This analysisl was
charginos(which depend on the assumed value of the COMiestricted to events selected using a trigger which required

L e
mon scalar massy,) from the CERNe"e colllder LEP at one electromagetic cluster with transverse eneEg§y 15
Vs= 130, 136, and 161 GeY7.8], lead tome>62'0 ~ GeV, one jet WitthT>lO GeV, andE;> 14 GeV. Other
78.5 GeVt? at the 95% C.L[7]. The analysis described kinematic quantities used to discriminate against background
below is independent of the MSSM and supergraV®  are the invariant mass of the two electrons,, and
frameworks, instead depending only on the masses of the t@umz E$1+ E6T32+ E; (defined in Ref[2] as bigness
squark, the lightest chargino, and the lightest neutralino, and ' ¢t optimization was done using tR&SEARCH[13] pro-
on the branching fractions of the chargino decay. ~ gram.RGSEARCHuses a modified grid search based on Monte
Prewqus ph_enomologlca_l studies have considered fingk gy (MC) signal events and background samples to opti-
states with a single leptoft jets + Er and two leptonst  mjze event selection. In this study, the MC signal samples
jets + Eq [2]. These studies, which useshJET[10] events  gescribed above and the MC physics background samples
smeared by typical detector resolutions, indicated that th§sted in Table | were used. Several combinations of selec-
single lepton channel cannot be studied at the Tevatron withyjon criteria were explored starting with the thresholds im-
out excellenb-tagging capability due to the enormous back-posed by the trigger conditions. The final selection criteria
ground fromW boson production. However, they did indi- are summarized in Table II. Other combinations included
cate that analysis of the dilepton channede,(ex anduw)  requirements on thE; of a second jet and/or the azimuthal
could lead to a limit on the mass @dr discovery ofthe top  angle between the two electrons. These combinations in-
squark at the Tevatron using the current data set. creased the signal to background ratio, but reduced the signal
This report describes the first search for the decaywsfficiency significantly. Values for the upper limits an,
t,—by; in the channel T,1;—eetjetstE; using andE$"™ were fixed while runningRGSEARCH The cut on
74.9+8.9 pb! of data. The data were collected at the Fer-mg, was used to removE— ee events and that oE3"™ to
milab Tevatron at/s=1.8 TeV during 1994—-1995. The DO removett —ee+jets+E; events. Distributions oES“™ for
detector and data collection system are described in detail ighp squark production with mTl’m;f) = (65,47 GeV/c?

Ref.[11]. The detector consisted of three major subsystems{;md Monte Carlo top quark production are shown in Fig. 2.

a uran'lum-llqwd argon calo.nm'eter, central tracking detec- Signal detection efficiency was restricted by the recon-
tors (with no central magnetic fiejdand a muon spectrom- . . e
struction and identification of lovE; electrons. Only ap-

eter. Electrons were identified by their longitudinal and : o . T
transverse shower profiles in the calorimeter and were regrommately 15% of Monte Carlo events Wltmq‘l’mxf ) =

quired to have a matching track in the central tracking cham(65,47 GeV/c? had two reconstructed electromagetic clus-
bers. In this analysis, they were restricted to have pseudorders (with an associated tragkwith E$'>16 GeV and
pidity |7/<2.5 and to be isolated from other energy

depositions in the event. Jets were reconstructed using a cone TABLE Il. Kinematic cuts.ES"™is defined in the text.

algorithm of radius R=\(A$)?+(A%)?=0.7 with

4.4:0.8

| 7| <4.0. TheE; was determined from energy deposition in E$'=16 GeV
the calorimeter fof | <4.5. ES’>8 GeV
The acceptance for top squark events was calculated for a El'=30 GeV
range of top squark and chargino masses usingiIRe&ET Er=22 GeV
event generator and a detector simulation based on the Mee=<60 GeVt?
GEANT program [12]. Samples were generated with top ESYM<90 GeV

squark masses between 55 and 75 @GéWith s between
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FIG. 1. Kinematic distributions forr(1~1,m;1r)=(65,47) GeVIc2.

E-er2>8 GeV. In addition, the identification efficiency for two o-B using a Bayesian approach with a flat prior distribution
electrons, one witlEr=8 GeV and one wittE;=16 GeV, for the signal cross section. The statistical and systematic
was approximately 40%. It is, however, essential to includeuncertainties on the efficiency, the integrated luminosity, and
the second electron in the selection criteria to avoid beinghe background estimation were included in the limit calcu-
overwhelmed byw boson events. lation with Gaussian prior distributions. The resulting upper
Physics backgrounds were estimated by Monte Carldimiton o-B as a function ofny_ with fixed M= =47 GeV/
simulation or from a combination of Monte Carlo and data.c2 js shown in Fig. 3 along th the pred|cted B. The
The instrumental background from jets misidentified as elecghgjce ofmy==47 GeV£? allows the widest range afry,
trons was estimated entirely from dath4] using the jet

misidentification probability for the electron identification o be d|splayed As can be seen, no I|m|tmnl can be set

and kinematic cuts used in this analyg{§.5+1.3)x 10 4].  The 95% C.L. upper limits omr-B for all (m7 ,my=) mass

Four physics backgrounds were considered in this stutly: combinations considered in this analysis are given in Table
production with a top quark mass of 170 Ge¥%/WW pro-  lll.
duction, andZ boson production with final states resulting in
dielectrons. The contribution to the background from indi-

vidual channels is given in Table |. The total predicted back- - # 95% C.L. upper limit
& Predicted 6 - B

ground is 4.4-0.8 events. 0F

After application of the cuts to the data sample, two
events remained. Given no observed excess of events above
the expected background, we set a 95% C.L. upper limit on 0L

15

o - B(, T, — eetjets+Ey) (pb)
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FIG. 3. Our 95% confidence level upper limit anB as a
FIG. 2. Distributions of E3'™ for (a) (Mg, my=)=(65,47  function of my, for my= = 47 GeVt?. Also shown are the pre-

GeV/Z and(b) top quark production withm,=170 GeV£?. dicted values fromsaJET.
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TABLE lll. The 95% C.L. upper limits ono-B for all Although the recent results on chargino pair production
(mg,,m3=) mass combinations considered. from LEP limit the likelihood for a light top squark to decay
to ab quark and a chargino within the MSSM, the limits on
my, my 95% C.L. Limitono-B o- B given in Table lll indicate the level of sensitivity in the
(GeVkc?) (GeVic?) (pb) current DO data set to a particular topology for new physics:

pair production of new particles which decay into leptons,

55 47 31 jets, and noninteracting particles. Such a new particle, with a
60 a7 16 top-like signature, could be detectable in the current data set
60 52 14 down to a production cross section times branching ratio of
65 47 8.8 order 10 pb.
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